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[57] ABSTRACT 
Frames of digital data each representing a single picture 
of a video motion picture display are handled in a com 

puter system with an extended memory operating in 
parallel with a computer system instruction processor 
and main memory to bypass the computer system input 
/output processor for continuously outputting the 
video information on a real time basis. The outputted 
data may be recorded continuously at a constant data 
rate for an entire motion picture worth of information 
or actually displayed on the video display on a real time 
basis. The extended storage has a memory larger than 
the main memory, where all of the frame data is stored 
and read out in high speed bursts to a buffer that contin 
uously reads the data out of the buffer for outputting. 
At least a start command and a starting address in the 
extended memory are contained within the main mem 
ory to be read out and decoded by the instruction pro 
cessor and computer system memory storage control, 
for transfer to the extended memory, where they are 
used to start the program, which includes extended 
memory control words stored in the main memory, 
which control words are decoded and executed in the 
extended memory in parallel with the computer system 
instruction processor. Addresses of succeeding frames 
are generated and decoded and used for fetching en 
tirely within the extended memory, for memory areas 
according to indirect addressing. The extended memory 
has external data transfer and internal data transfer 
registers that hold command words for respective trans 
ferring programs that may be operated in parallel, with 
con?ict between external transfer and internal transfer 
being decided in favor of external transfer to assure 
continuous data outputting. 

83 Claims, 15 Drawing Sheets 
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INFORMATION PROCESSING SYSTEM 

BACKGROUND 

The present invention relates to an information pro 
cessing system having motion picture displaying and 
recording functions. 

Applications of computer graphics have become im 
portant in various ?elds in recent years. One application 
converts and displays a great amount of numerical data 
computed by information processing devices such as 
digital computers. The numerical data for physical or 
engineering analysis is converted into a still picture to 
be grasped at a glance, so that they may be efficiently 
recognized. In two- or three dimensional analyses of 
?uids, for example, the display of motion pictures (i.e., 
animations) is more effective than the still pictures for 
grasping the motions of the ?ow momently so that the 
grasp of the meaning of phenomena and the clari?cation 
of causes can be ef?ciently accomplished. 
The known technique relating to the motion picture 

displaying and recording system by the digital com 
puter is using the single-frame picture function of the 
video tape recorder “VTR” in “Nikkei CG (on pp 16, 
June of 1988)”, for example. The structure, as disclosed, 
is shown here in FIG. 2. 
According to this technology, the usual input/output 

device 12 of the digital computer, provides data to an 
external frame data memory 14 “frame memory”, 
which stores only the RGB picture data generated in 
the digital computer for one frame “frame” of a display 
device 17. The picture data of one frame are read out 
from memory 14, when stored, at an output rate accord 
ing to the conversion system of picture signal converter 
15 and sent out to the picture signal converter 15 so that 
they are converted into analog video signals (e. g., 
NTSC (National Television System Committee) sig 
nals) and fed to a recording device (V TR) 1¢5. Since 
the frame memory 14 repeatedly reads out the same 
frame data until it is rewritten by new frame data (ie. 
the picture data of the next frame) inputted from 10F 12, 
the same frame is held on the display device 17 as a still 
picture. 

In order that the frame data formed by the digital 
computer in the aforementioned system may be ob 
served as motion pictures, it is instructed from the side 
of the digital computer to repeatedly feed the frame 
data of only one frame to the recording device 16, as 
described above, so that only one frame may be re 
corded (by a single-frame shot) through the control 
interface of the recording device 16 for one out of many 
repetitions. By repeating these operations for subse 
quent frames, the frame data to be viewed later as mo 
tion pictures are sequentially stored in the recording 
device 16 as plural still pictures, with the recorder being 
stopped between different frames. At last, the single 
frame picture data stored in the recording device 16 are 
played back or reproduced at an ordinary continuous 
speed and displayed in the display device 17 so that they 
are displayed as motion pictures to the human eyes 
(called the “single-frame motion picture system”). 

SUMMARY 

The aforementioned prior art, relating to the single 
frame motion picture system, cannot display and record 
the motion picture data on real time, but takes a long 
time for processing the motion pictures so that it has 
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2 
poor time ef?ciency in visually recognizing the com 
puted results of the digital computer. 

If an attempt is made to solve the prior art problem to 
display and record the motion pictures on real time, 
there arise other problems in requiring a large capacity 
main storage 13 “MS” for storing a great amount of 
motion picture data and in the high speed data transfer 
of an input/ output processor 12 “IOP”. These problems 
will be appreciated by a simpli?ed numerical example. 
It is assumed that one frame is composed of 500X 650 
picture elements, and that one picture element requires 
data of 1 byte for 256 gradations of intensity of display. 
Then, the data for one frame requires about 1 M0”) 
bytes. If thirty frames (according to the NTSC stan 
dards) per 1 sec are necessary for natural motion pic 
tures, a storage capacity of about 34 Mbytes is necessary 
for motion picture display of 1 sec, and a storage capac 
ity of about 1.8 G (23°) bytes is necessary for motion 
picture display of about 1 minute. The data transfer rate 
required from the IOP 12 to the picture signal converter 
is required to be 34 Mbytes/sec or more. 

Here, what is meant by the “motion picture display of 
real time” is not the display by using the single-frame 
pictures of the recording device, but the picture display 
in which the frames are smoothly switched 15 to 30 
times for 1 sec by the outputs from the memory directly 
and sequentially. 
As has been described continuous output throughput 

of 34 Mbytes/ sec is required for a TV display conform 
ing to the NTSC standards, and a memory having a 
capacity of about 1.8 Gbytes is required for the display 
of 1 minute. Even with the super large-sized digital 
computer of the present invention, that is super com 
puter, however, the above speci?ed massive MS capac 
ity and high IOP transfer rate are not always covered 
with ease. Thus, the motion pictures are produced prior 
to the present invention by the single-frame method. 
An object of the present invention is to provide an 

information processing system which can display and 
record the motion picture data prepared and stored in a 
digital computer, on real time. 

In order to solve the above-speci?ed object, there is 
provided an information processing comprising: an 
instruction processing unit, an input/output processing 
unit, a memory, a memory control unit, and an extended 
storage for frame data written in extended storage mem 
ory at a rate matching the frame display/recording a n 
d outputting them sequentially to the outside at such a 
predetermined time interval that the frame data may be 
viewed or recorded on real time as a motion picture. 

In order to improve the memory using efficiency: the 
operation of reading one or more frame data written in 
the memory in response to the start from the instruction 
processing unit and outputting the frame data sequen 
tially to the outside at such a predetermined time inter 
val that the frame data may be viewed on real time as a 
motion picture is executed in parallel with the operation 
of writing or reading in or from the memory or an 
instruction operation other than the memory access of 
the instruction processing unit. 
For multiplex parallel outputs of the motion pictures, 

there is simultaneous executing of a plurality of opera 
tions of reading one or more frame data written in the 
memory in response to the start from the instruction 
processing unit and outputting the frame data sequen 
tially to the outside at such a predetermined time inter 
val that the frame data may be viewed on real time as a 
motion picture. 
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In order to reduce the storage restrictions upon the 
image data on the memory, frame data is read from the 
memory, when the individual picture data are either 
rearranged over memory areas not continuous as physi 
cal addresses or stored from a suitable address block 
boundary to establish a constant vacant area between 
the individual frame data. 

In order to ?nd wide applications to various picture 
signal conversion systems, there is outputting the pic 
ture data sequentially to the outside from the informa 
tion processing system in synchronism with clocks ac 
cording to the signal conversion rate of the picture 
signal conversion. 

In order to provide a system capable of recording on 
real time and forming motion pictures longer than the 
memory capacity there is synchronizing of the output 
start time of the picture signals and the recording start 
time to form a precise compound picture even when the 
recording of a plurality of continuous frames is accom 
plished intermittently and repeatedly. 

In order to provide a system capable of outputting 
various frames, there is repeated optional reading of 
identical frame data to display the frame in a still picture 
and record the same, and to display the motion picture 
slowly and record the same. 
A hierarchical storage, an extended storage “ES”, of 

large capacity in the digital computer is utilized to store 
the motion picture data prepared in the digital com 
puter, and high-speed interface from the ES is provided 
so that the picture data are fed therethrough to a picture 
signal converter at a constant speed required for motion 
pictures to be viewed on real time. . 
The data “internal transfer” between the MS and the 

ES and the “external transfer” of the motion picture 
data through the high-speed interface at a constant 
speed are separated for the data structure in the ES and 
the control so that they can be executed in parallel. 
The instruction processor “IP” is not occupied dur 

ing the external transfer of the ES so that it can execute 
and control instructions other than the ES instruction in 
parallel. 
There are provided a plurality of high-speed inter 

faces from the ES so that the picture data can be fed 
therethrough to plural picture signal converters at such 
a constant time interval to be viewed as motion pictures 
on real time. 
There are provided storage address conversion, data 

structure and control to read and transfer the frame data 
at such a constant time interval that motion pictures can 
be viewed on real time, even if the frame data are rear 
ranged on a storage not continuous in physical ad 
dresses or if the individual frame data have a constant 
vacant area in between so that they may be stored from 
a suitable address boundary. 

In the present invention, the information processing 
system starts the recording from the designated position 
of the recording medium for forming the composite 
pictures accurately from the designated recording me 
dium position even when a plurality of continuing 
frames are recorded intermittently and repeatedly. This 
makes it possible to form long motion pictures exceed 
ing the storage capacity of the real time recording. 
The present invention has a branching instruction in 

addition to the ES frame data transfer instruction so that 
it can accomplish the still display and recording of 
frames and the slow display of motion pictures. 
The present invention will be described in detail in 

connection with embodiments thereof with reference to 
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4 
the accompanying drawings. The description will be 
made in the following order: 

(1) At ?rst, the ES instruction speci?cations will be 
described. v 

(2) Next, the external transfer operations of the ES of 
the present invention will be described. The ac 
companying description is that the ES data are 
read out so that the picture data can be sent out at 
a constant time interval necessary for the motion 
pictures. 

(3) As an example of the write/read other than the 
external transfer of the ES, the internal transfer 
operations for the data transfer between the MS 
and the ES will be described as a basis of the paral 
lel operations of the subsequent external transfer 
and internal transfer. 

(4) The parallel operations of the internal transfer and 
one or more external transfers will be described 
with respect to the start controls of the individual 
instructions, the data structure and control of the 
operation switching. 

(5) The present invention can also have its storage 
exempli?ed by the MS. 

(6) The system for displaying and recording motion 
pictures on real time, which is connected with the 
aforementioned ES, the picture signal converter, 
the display device and the recording device. 

(7) Also described is the aforementioned system 
which has a structure matching a variety of picture 
converting systems. This description covers not 
only the clock synchronization enabling the vari 
ous picture converters other than the NTSC to be 
connected but also the picture data reading pitch 
variable controls. 

(8) A system which has a recording device control 
function to take the composite motion picture, 
covering the operations of the control commands 
and the control interfaces therefor. 

(9) A system capable of displaying still pictures and 
slow motion pictures. 

The operations of the control commands for these 
operations will be described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects, features and advantages of the pres 
ent invention will become more clear from the follow 
ing detailed description of a preferred embodiment, 
shown in the drawing, wherein: 
FIG. 1 is a block diagram showing the of the struc 

ture information processing system according to one 
embodiment of the present invention; 
FIG. 2 is a block diagram showing the structure of 

the single-frame motion picture system according to the 
digital computer of the prior art; 
FIG. 3 is a block diagram showing the structure of 

the extended storage 2 of FIG. 1; 
FIG. 4 is a block diagram showing the structure of 

the transfer command control unit 21 of the extended 
storage 2 of FIG. 3; 
FIG. 5 is a block diagram showing the structure of 

the internal transfer command register 211 of the trans 
fer command control unit 21 of FIG. 4; 
FIGS. 6(A)and 6(B) are block diagrams showing the 

external transfer command register 214 of the transfer 
command control unit 21 of FIG. 4; 
FIG. 7 is a detailed block diagram showing the selec 

tor 215 of FIG. 4; 
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FIG. 8 is a block diagram showing the structure of 
the MS requester 22 of FIG. 3; 
FIG. 9 is a block diagram showing the structure of 

the ES requester 23 of FIG. 3; 
FIG. 10 is a schematic block diagram showing the 

extended storage data buffer 24 of FIG. 3; 
FIG. ,11 is a block diagram showing the structure of 

the internal transfer data buffer 240 of the extended 
storage data buffer 24 of FIG. 10; 
FIGS. 12(A) and 12(B) are block diagrams showing 

the external transfer data buffers 241/244 of the ex 
tended storage data buffer 24 of FIG. 10; 
FIG. 13 is a block diagram showing the structure of 

the information processing system according to another 
embodiment of the present invention; 
FIG. 14 is a block diagram showing the structure of 

the information processing system having functions to 
record composite pictures according to still another 
embodiment of the present invention; and 
FIG. 15 is a block diagram for describing the internal 

operations of the transfer control unit 210 in detail. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

FIG. 1 is a block diagram showing the characteristics 
of the information processing system of the present 
invention. The present system is constructed of: a digi 
tal computer 1, which is composed of an instruction 
processor (IP) 10, a storage control (SC) 11, a main 
storage (MS) 13, and an input/output processor (IOP) 
12; an extended storage (ES) 2; a picture signal con 
verter 3; a display device 17; and a recording device 
The ES 2 is a hierarchical storage execution and data 

handling device used to ?ll the gap in the access speed 
and the storage capacity between the MS 13 and the 
needs of the device external of the computer 1 and ES 
(e.g., a magnetic disc device acting as the recorder 4). 
The ES can transfer data from the MS 213 through 

the SC 11, which devices MS 13 and SC 11 may be of 
the prior art. This is called the internal transfer, that is 
involving devices internal of the computer 1, or central 
processor. 
According to the present invention, the data of the 

extended storage 2 can be transferred at a constant 
speed from the ES 2 to the external device such as the 
picture signal converter 3. This is called the external 
transfer, that is involving devices external to the com 
puter 1. This external transfer will be described in the 
following in connection with the speci?cations of the 
instructions. 

In order to execute the extended storage external 
transfer, the IP 10 and ES require two kinds of instruc 
tions: the external transfer start instruction (STRTXT 
instruction) for starting the ES 2, and extended storage 
command words “ESCW”, exempli?ed by OUTXT, 
TIXT, SIGXT or SETLC for the started ES 2 to exe 
cute the external transfer. 
The summary of this external transfer is as follows: 
(0) instructions and commands are stored in advance 

in the MS 13. 
(1) The STRTXT instruction is decoded by the IP 10, 
and the MS address “ESAW” and the external 
transfer device number “CN” of the ESCW are 
sent together with the start signal to the ES 2. 
Then, the STRTXT instruction is ended. 

(2) If the designated external transfer device can be 
started, a transfer command control unit 21 of the 
ES 2 uses ESAW to read out the 16 byte ESCW 
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6 
from the MS 13 through the SC 11 and decodes the 
ESCW so that the. ES processes according to the 
result. Moreover, the transfer command control 
unit 21 likewise reads out the extended storage 
indirect data address word “IDAW” to process the 
data transfer in accordance with the address. 

(3) At the end of the processing of the ES 2, an exter 
nal interruption is generated for the IP 10. 

The STRTXT in struction takes the following for 
mat: 

IOPI IRIII 

The OP ?eld is an instruction code, and the MS ad 
dress, ESAW, is stored in the following format in the 
general-purpose register designated by the R1 ?eld. The 
MS address ESAW designated in R1 has the following 
form. 

0 1 28 

| | NS/address I | 

The general-purpose ?eld designated at (RI+1) 
stores the external transfer device number (CN) in the 
following format: 

ICNI I 

When the IP 10 executes the STRTXT instruction, 
the designated MS address and CN are sent together 
with the start signal to the E82, thus ending the 
STRTXT instruction. 
Using the ESAW, the ESCW is fetched from MS by 

the ES 2. The ESCW is a 16 byte command word in 
structing the external transfer from the ES 2, and 
ESCW is decoded and executed at the ES. The code 
bits 0 to 3 of each command word ESCW are transfer 
auxiliary codes specifying the processing content of the 
ES, that is specifying one of the following ESCW’s: 
OUTXT 

(Output to External Transmission Interface); 
SIGXT 

(Signal to External Transmission Interface); 
SETLC 

(Set Loop-count Register); and 
TIXT 

(Transfer in XT). 
OUTXT 
The OUTXT command designates the external trans 

fer of the ES 2. 

0 4 5 16 29 31 

lCode I c | | Frame Repetition No. | 

| | MS Address | I 

I I Frame No. l 

I I Frame Size l 
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C Flag: Bit 4 is a command chain ?ag. When this flag 
is 1, it is indicated that an ESCW to be executed next is 
at the next MS address of the present ESCW. The mne 
monic is C. 
MS Address: Bits 33 to 61 are the leading MS ad 

dresses of the IDAW instructing the transfer ES ad 
dress. The ES address of the data to be transferred is 
given by IDAW. The designation occurs at the bound 
ary of 4 bytes. The mnemonic is IDAW. 
Frame Size: Bits 100 to 127 designate the double 

word (8 bytes) number or the unit (or frame) of the 
transfer operations. The mnemonic is SIZE. 
Frame No.: Bits 68 to 95 designate the frame number. 

The mnemonic is FRM. 
Frame Repetition No.: Bits 16 to 31 designate the 

number of 
mnemonic is times for outputting one frame repeat 

edly. The REPEAT. 
The mnemonic expressions are as follows: 

OUTXT (C, REPEAT, IDAWA, FRM, SIZE). 

When the frame size is not a whole number multiple 
of the block (4K) bytes (210 bytes), the ES addresses in 
the transfer operations are assigned to the next block (4 
Kbytes) boundary where the transfer of the next frame 
is started. As a result, the data positioned after the last 
data of each frame to the boundary of the next block, 
are not transferred but skipped over in response to a 
skip control produced after counting the frame bytes 
transferred. The frames of a repetition number are out 
putted, and the next frame is transferred. 

SIGXT 

The SIGXT command is used as a control signal for 
the recording device 4. 

o 4 5 

ICode | cl 
I 
I 

I 

C Flag: Bit 4 is a command chain flag. 
Mnemonic expressions are as follows: 

SIGXT(C). 

If the SIGXT command is executed, the condition 
register is set to 1. 

SETLC 

The SETLS command is used for setting the loop 
upper limit in the loop. counter register for the TIXT 
command. 

0 4 5 

ICode |c| 
| 

I I Count 

15 

20 

25 

35 

50 

55 

60 

8 
C Flag: Bit 4 is a command chain ?ag. Count: Bits 80 

to 95 designate the values to be set as the upper limits of 
the loop of the TIXT in the loop count register in the 

I external control device. The mnemonic is COUNT. 

Mnemonic expressions are as follows: 

SETLC (C, COUNT). 

TIXT 

The TIXT command tests the values of the condition 
register and the loop counter register. Depending upon 
the test results, the execution is transferred to the 
ESCW of the designated MS address or to a next 

ESCW. 

O 46 

loode IIIBI 
| . MS Address | 

l I 
I 

28 31 

I 
I 
| 

| 

MS Address: Designates the MS address of the 
ESCW to be subsequently executed, if the test result 
fails to hold; MSA. B Flag: Designates whether or not 
the condition register is to be tested, B. If this ?ag is at 
1, the condition register is not tested, but only the loop 
count register is tested. 
Mnemonic expressions are as follows: 

TIXT (B, MSA). 

The TIXT command is executed, as follows: For B 

1. If the condition register is tested to reveal the result 
of O and if the loop count register is at 0, the subse 
quent ESCW execution is interrupted to the end. 

2. If the test result reveals that the loop count register 
is positive, the count is updated by -1, and the 
execution is shifted to the ESCW indicated at the 
MS address. 

3. If the test result is 1, the value of the condition 
register is reset to 0, and the execution is shifted to 
the subsequent ESCW. 

For B flag: 1: 
I. If the loop count register is at 0, the execution is 

shifted to the subsequent ESCW. 
2. If the loop count register is positive, the count is 

updated by — l, and the execution is shifted to the 
ESCW indicated at the MS address. 

ES IDAW (Indirect Data Addressing Word) 

The ES addressing of the data to be transferred is 
accomplished in accordance with the IDAW. When the 
address exceeds the boundary of 1 Mbytes, the follow 
ing address of the IDAW is referred to: 




































